Abstract
Introduction 36
Increased neural synchronization in the gamma-band has been proposed to mediate visual attention 37 flickering Gabor patch, among two non-flickering patches, affects the speed with which one can detect 41 a subtle spatial-frequency (SF) change in one of the patches: detection is faster when the target occurs 42 at the flicker, rather than a non-flicker, location (Fig. 1) . Based on the overall-pattern of results, we 43
proposed an unconscious attentional account for this congruency effect (CE): the 50-Hz flickering 44 patch engages an attentional mechanism, giving rise to faster detection of subtle changes at its location. 45
We interpreted this as support for the neural-synchrony attention mechanism. 46
47

FIGURE 1 48 49
This interpretation has been challenged by van Diepen, Born, Souto, Gauch & Kerzel (2010), who 50 carried out a number of experiments using the same paradigm with some minor variations. While they 51 replicated the 50-Hz CE, they argued that this effect is due to a non-subliminal cue, unrelated to 52 oscillatory neural synchronization -an "illusory transition-flash", which occurs at the transition 53 between the 50-Hz flicker preview and the 100-Hz target presentation; or simply due to the fact that the 54 flicker itself was not truly subliminal. Here we seek to address this important issue. We agree with van 55 Diepen et al. that a transition flash is 'perceptible' during the transition between the flickering 50-Hz 56 preview and the 100-Hz target, though this percept was very weak in our original setup (see discussion 57 below). However, we disagree with the proposal that this flash, or supraliminal flicker, mediates 58 completely the CE. To show this, we report new data, free of influences of such cues and replicating the 59 50-Hz flicker CE. Furthermore, we argue that the results reported by van Diepen and colleagues are 60 also consistent with our original interpretation. 61
62
As explained by van Diepen et al., in our original experimental paradigm, the target Gabor undergoes a 63 transition from the 50-Hz preview, where the patch is shown at contrast range 0 to A, to 100-Hz, where 64 it is shown at contrast A/2 (Fig 1B) . This altered contrast range for the target results in the same 65 perceived contrast as the other patches (shown always at 100-Hz with contrast A/2); at the transition, 66 however, there are two frames (either side of the transition) which sum to a value that is different from3 A/2, causing an illusory transition flash. The effect is subtle, and in our original study it was not noticed 68 by the experimenters or reported by any participants. In our setup, one can observe it clearly only by 69 fixating on the critical patch. In this task, however, observers fixate the center of the display, which is 6 70 deg from each of three patches, and therefore, randomly fixating on one of the potential target patches 71 would be a non-optimal strategy. Nevertheless, the presence of this flash (albeit weak) may act as a cue 72 capturing attention. Thus, as van Diepen et al. point out, in order to know if 50-Hz flicker triggers 73 attentional selection as a result of gamma-band neural synchrony entrainment (Bauer et al., 2009) , it is 74 crucial to ascertain that the CE, we originally reported, is observed even in the absence of such 75 potentially confounding cues. The study of van Diepen et al. is thus important, both for noticing this 76 illusory transition flash and for motivating further experiments to test whether attentional selection is 77 indeed influenced by gamma-band flicker. 78
79
The main results that led van Diepen et al. to a negative conclusion regarding a role of 50-Hz flicker for 80 attentional selection were the following: i) they found that observers are able to detect the transition-81 flash at a level higher than chance (54% -with chance level being 33%); ii) they found that observers 82
were also able to detect the 50-Hz flicker (in the absence of a transition flash) better than chance (40%; 83 they suggest that the reason why our observers did not achieve this level was related to the lack of 84 feedback in our tests, and to the mixing of easy and difficult trials within the same block); iii) they 85 found a null CE (2 ms, non-significant) when the transition flash was prevented by making the 50-Hz 86 flickering patch continue to flicker (at 50-Hz) during target presentation. It should be noted, though, 87 that such a null CE was not obtained in Exp. 7 of the same study, when the flicker was made truly 88 subliminal (70-Hz) and the transition flash was also prevented. In this case, van Diepen et al. reported a 89 reduced but significant CE of 11 ms, which they attributed to non-attentional processes. We have now verified that the null effect reported in Bauer at al. was actually obtained with a preview 98 of a 100 ms flicker interval without being preceded by a 900-ms static preview, and this was 99 erroneously reported in Bauer et al. However, we believe that neither display procedure is informative 100 4 regarding the role of gamma flicker: the large CE reported by van Diepen et al. may be due to the 101 presence of a "double transition flash" (two transition flashes may sum to produce a stronger signal), 102 while our null-effect (with the 100-ms preview) could be due to masking of the flicker by strong onset 103
transients. 104 105
To further examine the nature of the CE, we report here a number of critical tests. First, we report an 106 examination of flicker detection accuracy (Experiment 1), with and without the transition flash, in the 107 same experimental setup we used in our original experiments, but employing the protocol (error 108 feedback and no mixing of easy/difficult trials) that van Diepen et al. suggested as being more stringent 109 for assessing the ability to detect the flicker. Second, we report tests (Experiments 2 and 3) that 110 examine the presence of (50-Hz flicker) CE-effects in two flash-free variants of the task. Some of the 111 observers who participated in Experiment 2, had also participated in Experiment 1, the two experiments 112 being performed within the same 1-hour session. We report them separately, for reasons of clarity. In all 113 the experiments, we followed Van Diepen et al. in using paired, two-tailed t-test to test for significant 114 differences between conditions. 115 
Participants. 130
A group of 26 observers (11 female) with normal, or corrected-to-normal, vision were tested in both 131
conditions. All observers (mainly students from Birkbeck and nearby colleges) voluntarily signed up 132 for the experiment using the Birkbeck subject recruitment system (https://psyc-bbk.sona-systems.com). 133
Their informed consent was obtained prior to running the experiment, and it was explained to them that 134 they could withdraw at any time. The experiment was carried out under ethical guidelines approved by 135 the Department of Psychological Science, Birkbeck College (University of London).. All observers 136
were naïve as to the purpose of the experiment. 137 138
Apparatus and Materials 139
All experiments were conducted in a dimly lit room. Stimuli were presented using a VSG 2/5 system 140 Two versions of the flicker detection task were tested: 1) a 'no-transition' version, in which one patch 154 maintained 50-Hz flicker throughout the (1 sec) display time (while the others were presented at 100 155 Hz), and 2) a 'transition' version, which contained an additional interval (600 ms) displaying all 156 elements at 100-Hz (and therefore contained the transition flash). The two versions of the task were 157 blocked, with 180 trials each, and with self-paced breaks every 50 trials. In both tasks, the observers 158 were instructed to indicate which patch appeared different (in flicker or any other visual property, 159 except for orientation) in a three-alternative forced-choice (3AFC) response. Feedback was given in the 160 form of a beep for incorrect responses. A 50-trial practice block was given to each observer before 161 starting the tasks. Participants were also told that this task is difficult, but they could use the error 162 feedback to improve, and they should do their best, and to guess if they were not sure. The task was not 163 speeded. This is the same procedure as employed by van Diepen et al.
6
Results 165
We find a detection rate of 37% (range 21-47%) in the no-transition condition, which increases to 45% 166 in the transition condition (range 33-60%). The difference between the two conditions is significant 167 (t(25) = 3.75, p = .001), providing an estimate of the contribution of the flash to detection performance. 168
In the no-transition condition only 4 (out of the 26) observers had a detection rate > 40%; after 169 eliminating these observers (as was also done in our original study), the mean detection rate decreased 170 to 35% (not significantly different from chance). On this basis, we maintain that the 50-Hz flicker of 171 the Gabor patch (without the transition flash) is subliminal for most of the observers in the setup used 172 in our original experiments. 173
174
We concede, however, that although detection of the flash is not easy (45% in the transition condition), 175 it is nevertheless possible, and can increase the accuracy with which the critical Gabor is picked out 176 (12% above chance level on average, with 15 of the 26 observers exhibiting a detection rate > 40%). As 177 a rate of detection of this order could contribute to the CE (faster response to targets at the location of 178 previous flicker, compared to targets at non-flicker locations), it is critical to determine whether the 179 presence of flicker can trigger the CE even when detection of the flash, or of the flicker, is not possible. 180
We examine this in Experiments 2 and 3. (non-repeated) SF change; the detection response was non-speeded, and we used an accuracy, rather 211 than a RT, measure (SF-thresholds for 71% correct detection). This experiment revealed a CE effect of 212 50-Hz flicker, that is, observers discrimination thresholds were significantly lower for the incongruent 213 compared to the congruent presentations (t(6) = 4.01, p <.01). Given this, we believe that the difference 214 between the single and the repeated versions is not critical for the results, as long as the change remains 215 subtle enough for detection to be attention-dependent. Given this, we believe that the difference 216 between the single and the repeated versions is not critical to the results, as long as the change remains 217 subtle enough -involving a form of time-limited processing -for the detection to be attention-218 dependent; time-limited presentation would probe early perceptual, rather than later response-related 219 processes (Santee & Egeth, 1982) , and thus be more likely to disclose attentional effects in this 220
paradigm. 221 222
However, since the accuracy experiment of Bauer et al. was not flash-free, and in order to obtain more 223 uniformity with the procedure used by van Diepen et al., we carried out Experiment 3. This used the 224 same procedures as that employed by van Diepen et al. (the SF change applied only once), except that 225 the magnitude of the change introduced was individually pre-determined -for each participant using a 226 staircase (with non-flickering Gabors), before the actual change-detection experiment (with 227 congruent/inconcongruent flicker) -so as to permit a detection rate of about 71% to be achieved. Both 228 accuracy and RT effects were measured for the SF change detection task with congruent/incongruent 229
flicker. 230 231
Methods for Experiments 2 and 3 232 233
Stimuli & Procedure 234
In the SF change detection task, the stimulus was the same as that used in Experiment 1, with the 235 exception that following the preview interval, a target was presented, generated by increasing or 236 decreasing the spatial frequency (SF) of one of the Gabors by 0.14 cpd; the SF-change was done 237 repeatedly in Experiment 2 (a change occurred every 100 ms for a total of 600ms) and only once in 238 Experiment 3 (followed by 600ms of static Gabor display). There were two variations of this general 239 procedure: a 'ramped' and a 'continuous' condition. In the ramp condition, the flicker in the 1-sec 240 preview was ramped down, smoothing the transition to the 600 ms of non-flicker, which contained the 241 target SF change (Fig. 2) . 242
243
FIGURE 2 244 245
In the continuous condition, the flicker of the Gabor continued throughout the whole 1,600 ms (i.e., 246 during both the preview and the SF target change presentation). In all conditions, the target location 247 was congruent with the flicker cue in 50% of the trials, and incongruent in the other 50%. Observers 248 indicated (using a 3AFC procedure) the location of the SF change by pressing a spatially corresponding 249 button as quickly as possible. The next trial followed 1000 ms later. Each experimental condition 250 consisted of 3 blocks of 50 trials (150 trials in total). The main focus of interest was on the CE in SF 251 change detection for observers who were unable to detect the flicker. We followed the same method 252 used by van Diepen et al. for estimating CEs on the basis of (individual observers') median RT after 253 elimination of responses faster than 100 ms and slower than 1 sec. 254 255
Change-detection-task 256
For the continuous condition group, the flicker detection task involved the no-transition condition from 257 Experiment 1; for the ramp group, it involved a similar 1 sec of flicker preview, which was ramped out 258 in the last 3 frames, followed by 600 ms of no-flicker. Both versions did not include SF-changes. Each9 subject completed 120 trials per condition. 260
261
In both experiments (2 and 3), all the participants were tested first on SF change detection (without 262 flash) and only then in a flicker detection task. The flicker detection task was always performed after 263 the change detection task, in order to ensure (on an individual basis) that the CEs were not mediated by 264 strategic use of either flash or flicker detection (as they could have been the case if the reverse order 265 was used). 266
267
Experiment 2 268
Participants 269 14 observers (6 female) were tested under the continuous condition and 17 (9 female) under the ramp 270 condition. All 14 observers in the continuous condition were also tested in Experiment 1 (both tasks 271 being run within the same session). The continuous flicker detection data is, in fact, part of the data (14 272 out of 26 subjects) reported in the no-transition condition of Experiment 1. We report this condition 273 again, because our emphasis here is on CE effects of the observes that were at chance at flash/flicker 274
detection. 275 276
Results
277
The flicker detection rates were 38% (N=17) for the ramp condition and 37% (N=14) for the 278 continuous condition (the average detection rate for these 14 observers happens to be the same as the 279 detection rate of the larger group (N=26), which includes these 14 observers, reported in Experiment 280 1). Out of the 17 observers who performed the ramp (flicker detection) condition, 4 reached a detection 281 level exceeding 40%. When these observers are eliminated, the detection rate reduced to 35% (not 282 significantly different from chance; p = .14). The average CE effect for these 13 observers was 16 ms, 283 and is significantly larger than zero, t(12) = 2.5, p = .03. Out of the 14 observers who performed the 284 continuous condition, 3 exhibited detection rates that exceeded 40%. When these 3 observers were 285 eliminated, the detection rate (of the remaining 11 observers) became 35% (not significantly different 286 from chance; p = .39). The CE effect for these 11 observers, in the continuous condition, averaged 15 287 ms, and was also significantly larger than zero, t(10) = 2.2, p < .05. 288
289
Both of these results indicate that the detection of a subtle change in a property (SF) of one of the 290
Gabors is sped up when the same Gabor had flickered at 50 Hz, as compared to when another Gabor 291 had flickered at 50 Hz -even for observers who were unable to detect the flicker. As the detection 292 criterion of 40% that we introduced for observer elimination is somewhat arbitrary, we inspected (for 293 the 11 observers in the continuous condition, and the 13 observers in the ramp condition) the 294 correlation between the change detection CEs and the flicker detection rates. If residual flicker 295 detection contributes to the congruency effect in change detection RTs, we should expect a positive 296 correlation: observers exhibiting larger flicker detection scores should show larger congruency effects. 297
The result of the correlation was r(22) = -0.14, p = .52, which suggests that the 50 Hz flicker CE in 298 these participants is not mediated by a residual ability to detect the flicker and use it as a cue. 299 300 FIGURE 3 301 302 303
Experiment 3 304
The continuous stimulus presentation from Experiment 2 was used, with the exception that the target 305 consisted of a single SF-change and that the magnitude of the SF change was individually calibrated 306 (prior to the experiment proper) using a staircase procedure. 307
308
Participants 309 11 observers (4 female) were tested under the continuous condition. 310
311
Results
312
The average flicker detection rate over the 11 observers was 38%. Out of these observers, 3 exhibited 313 detection rates that exceeded 40%. When these 3 observers were eliminated, the detection rate (of the 314 remaining 8 observers) became 34.9% (not significantly different from chance; p = .14). For 315 accuracies, the average CE for these 8 observers was 3.3%, which was significantly larger than zero; 316 t(7) = 2.0, p = < .05. For the response time data, although RTs were numerically faster (8 ms) for 317 congruent than for incongruent stimuli, this difference was non-significant. The results, however 318 demonstrate a CE in accuracy without a speed-accuracy trade-off. Furthermore, a scatter plot of the CE 319 against detection scores (Fig 4) shows no consistent relationship between the variables, indicating that 320 the effect is not attributable to a few observers that were able to detect the flicker slightly better than 321 chance. 322
323
FIGURE 4
11 325
Discussion 326
We agree with van Diepen et al. that our original test (Bauer et al., 2009 ) was subject to a transition-327 flash 'cue'. Although detectability of this flash is lower in our setup than in theirs, it was nevertheless 328 essential to examine whether the expedited response to a SF change at the flicker (relative to a non-329 flicker) location remains when this potentially confounding cue is eliminated. Using two procedures 330 (ramped and continuous conditions), we found this to be the case. In Experiment 2, we showed that 331 although the CEs measured using RTs were slightly smaller compared to our original condition (15 ms 332 and 16 ms, as compared to 21 ms), the effect remains significant, in both protocols, after the 333 elimination of the transition flash. In Experiment 3, we showed similar CE effects using an accuracy 334 measure. Although, we reported congruency effects in terms of RT in Experiment 2 and in terms of 335 accuracy in Experiment 3, we argue that both measures reflect perceptual limitations in the detectability 336 of the target; that is, they are both accuracy-dependent, because they are obtained under time- in the predicted direction -in their continuous condition, which eliminates the transition between the 348 50-Hz preview and the 100-Hz target display. One possible source of this discrepancy may be the 349 procedural difference previously discussed. When the SF change is made only once, one has to 350 examine both RT and accuracy costs (unless the SF change is so large as to be easily detectable, 351 without requiring attentional processing). As shown in our Experiment 3, where we used a subtle SF 352 change, a CE effect is found in accuracy, with a non-significant effect in RT (again, though, in the 353 predicted direction, indicating that the accuracy CE is free from a speed-accuracy trade-off). 354 Importantly, van Diepen et al. did not report the accuracy data, so we cannot tell whether their pattern 355 of results was indeed similar to ours. Furthermore, we maintain that accuracy-based measures are in 356 any case more sensitive, as they better tap into the perceptual (rather than response-related) processes 
